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ABSTRACT	  
	  
 LIGs are a family of transmembrane proteins, containing a leucine-rich repeat (LRR) and 
an immunoglobulin-like (Ig) domain, important in cell interactions and signaling.  There are 36 
human LIG proteins, of which the AMIGO subfamily and NGL subfamily have sizeable 
intracellular domains for which minimal functional knowledge has been obtained.  Within 
intracellular regions of transmembrane molecules short linear motifs (SLiMs) that function as 
targeting signals, modification sites, and protein binding sites often exist.  Identification of  
motifs conserved across different species provides a phylogenetic approach to aid in the 
discovery of functional SLiMs.  In this study, orthologs of the AMIGO and NGL human proteins 
were identified in Mus musculus (mouse), Gallus gallus (chicken), Callorhinchus milii  (elephant 
shark) and used to identify putative SLiMs.  
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INTRODUCTION	  
	  
 Transmembrane proteins are essential for cell-cell interactions and cell signaling. LIGs 
are a subset of transmembrane proteins that with an extracellular domain, containing a set of 
leucine-rich repeats (LRRs) followed by an immunoglobulin-like (Ig) domain (s) and an 
intracellular domain of varying length (MacLaren et al., 2004). Figure 1 below shows a graphic 
image of one LIG protein, Kek1, whose function in Epidermal Growth Factor signaling has been 
well documented (Ghiglione et al, 1999; Alvarado et al. 2004). The image shows the LRRs in 
red, as well as the single Ig domain in blue. 
 
Figure 1. Kek1 LIG protein structure 
 There are 36 total human LIG proteins, including the LINGO, NGL, SALM, NLRR, Pal, 
ISLR, LRIG, GPR, Adlican, Peroxidasin-like proteins, Trk neurotrophin receptors, AAI11068, 
and AMIGO subfamilies (Homma et al. 2008). Figure 2 below shows the number proteins in the 
human proteome containing either LRRs only (350), Ig domains only (1100), or the combined 
presence of both (36). 
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Figure 2. Presence of LRRs and Ig domains in the human proteome. 
 Various studies have been completed on the functions of the proteins in cellular signaling 
and their extracellular domains, but not much is understood about the intracellular domains of 
these proteins. Of the human LIG proteins, the AMIGO subfamily and NGL subfamily have 
sizeable intracellular domains, and therefore were chosen for analysis in this study.  
The AMIGO subfamily of LIGs consists of three proteins, AMIGO1, AMIGO2, and 
AMIGO3 (Kuja-Panula et al., 2003). Structurally, the AMIGO proteins contain seven LRRs and 
one Ig domain. Figure 3 below shows the structure of AMIGO1. 
 
Figure 3. AMIGO1 LIG protein  
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AMIGO proteins appear to function as regulators for the phosphoinositide 3-kinase 
(PI3K) – 3-phosphoinositide-dependent kinase 1 (PDK1) – protein kinase B (Akt) signaling 
pathway (Park et al. 2015). This pathway is important for extracellular signaling that controls 
cell growth, survival, metabolism, angiogenesis, and protein translation. AMIGO2 specifically 
regulates localization of PDK1 at the plasma membrane, which in turn activates Akt. Improper 
regulation of this pathway is thought to be associated with various metabolic, cardiovascular, and 
neurological diseases. Additionally, other studies have found that improper activation of the 
pathway contributes to the likelihood of cancer, by tumor angiogenesis and metastasis (Park et 
al. 2015). Thereby, studying the cellular functions of the AMIGO proteins in the PI3K – PDK1 –
Akt signaling pathway is valuable in research for cancer prevention and therapy.  
 The NGL subfamily of LIGs also consists of three proteins, NGL1, NGL2, and NGL3. In 
contrast to the AMIGO family structure, NGL proteins contain nine LRRs and one Ig domain 
(Woo et al., 2009). Figure 4 below shows the structure of NGL1. 
 
Figure 4. NGL1 LIG protein  
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 NGL proteins function as trans-synaptic cell adhesion molecules (CAMs) that bind a 
family of Netrin-G ligands. NGL1 and NGL2 have been found to bind Netrin-G1 and Netrin-G2, 
respectively (Woo et al. 2009). Figure 5 below shows the proposed binding of NGL1 to Netrin-
G1. Netrin-G1 and G2 are structurally related to Netrins, a family of molecules important in 
axon guidance, but are distinct in that they are linked to the membrane by a glycosyl 
phosphatidyl-inositol (GPI) lipid anchor, rather than secreted like Netrins (Woo et al. 2009). 
Moreover, they also do not bind to the classical Netrin receptors, Deleted in Colorectal Cancer 
(DCC) and Unc5 (Woo et al. 2009). 
 
Figure 5. Netrin-G1/NGL1 binding 
 Cell adhesion molecules, or CAMs, have been found to be involved in many aspects of 
synapse development, including synapse formation, differentiation, trans-synaptic signaling, and 
structural and functional synaptic changes (Woo et al. 2009). As putative CAMs, due to their 
structure and membrane association, the Netrin-G/NGL complexes are thought to be associated 
with synaptic diversification and neural circuit functions in vertebrates, which is essential for 
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information processing in the brain (Matsukawa et al. 2014). Additionally, NGL1 and NGL2 
have intracellular postsynaptic density-95/ disks large/ zona occludens-1 (PDZ) binding sites 
found in many synaptic proteins that interact with scaffolding proteins (Matsukawa et al. 2014). 
Understanding the cellular functions of the NGL proteins in the Netrin-G/NGL complexes may 
provide better insight to the functions of the vertebrate brain and open avenues for new therapies 
for diverse brain dysfunctions.  
 Because of the presence of LRRs and Ig domains, well-defined sequence elements, the 
extracellular regions of LIG proteins are generally well understood. In contrast, due to the lack of 
analyses on intracellular regions of LIG proteins the contribution of the intracellular regions to 
LIG function and cell signaling are less clear. In these intracellular regions, the absence of 
previously defined domains or repeats suggests that they may function in mechanisms distinct 
from many canonical signaling pathways.  One hypothesis is that there are many short linear 
motifs (SLiMs), which are small regulatory interfaces of ~3-10 amino acid residues that function 
as targeting signals, modification sites, and protein binding sites (Edwards et al. 2007; Davey et 
al. 2012). Identifying such motifs, or SLiMs, within the intracellular region of LIGs is a key step 
in understanding the contribution of their intracellular regions to cell signaling.  
 In order to identify potential intracellular motifs conserved between members of the 
AMIGO and NGL families in different species, orthologs of the human proteins were identified 
and compared to several other jawed vertebrate species. Of these, the comparison included two 
bony vertebrates – a mammal, Mus musculus (mouse) and a reptile, Gallus gallus (chicken), and 
a cartilaginous fish, Callorhinchus milii (elephant shark). Evolutionary comparisons of the 
intracellular domains of these species were made for the both the AMIGO and NGL families in 
order to identify putative conserved motifs and potential cellular significance. 	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MATERIALS	  AND	  METHODS	  	  
Identification of members of the LIG family in jawed vertebrates 
For approximately half of the human LIG family (appendices) accession numbers from Table 1 
of Gene Expression Patterns (Homma et al. 2008) were entered into the NCBI Protein database 
(https://www.ncbi.nlm.nih.gov/protein) to obtain the respective LIG protein sequences. The 
FASTA sequence representing the complete sequence of each protein was downloaded and 
saved. 
The human AMIGO and NGL FASTA protein sequences for each member of the subfamilies 
were then entered into the BLAST protein database to find putative orthologs in the mouse, 
chicken, and elephant shark genomes. The FASTA sequences were entered on 
https://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE=Proteins and the following tax IDs representing 
sequence databases for the respective species were entered in the organism box for individual 
searches: Mus musculus (Tax ID10090), Gallus gallus (chicken) (Tax ID 9031), and 
Callorhinchus milii  (elephant shark) (Tax ID7868). Putative orthologs for a particular LIG were 
identified as the cross species match with the highest identity to the human protein query and 
then further confirmed by a reciprocal BLAST of that highest scoring protein match back to the 
human genome. Matches that reciprocally identified the initial human LIG protein query as the 
highest match were defined as orthologs. 
 Identification of intracellular domains using CCTOP 
The human, mouse, chicken, and shark AMIGO and NGL protein sequences were entered into 
the CCTOP prediction server (http://cctop.enzim.ttk.mta.hu/?_=/jobs/submit) to identify the 
putative signal peptide, extracellular, transmembrane, and intracellular regions. Protein 
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sequences were color coded to distinguish the extracellular (green), transmembrane (blue), and 
intracellular (red) domains. 
Alignment of intracellular domains using Clustal Omega and Boxshade 
To create protein sequence alignments, the human, mouse, chicken and shark AMIGO and NGL 
intracellular domain sequences were entered into the Clustal Omega sequence alignment 
program (http://www.ebi.ac.uk/Tools/msa/clustalo/) with a >”LIG Name” before each 
intracellular domain. For example for NGL1 the following was entered for each species followed 
by their IC Domains: >HsNGL1, >MmNGL1, >GgNGL1, >CmNGL1 
The Pearson/FASTA output format was selected and the alignments were run with standard 
parameters and saved.  
Next, the AMIGO and NGL alignments were entered into the Boxshade software 
(http://embnet.vital-it.ch/software/BOX_form.html). Consensus line with letters was chosen and 
1.0 was checked for the fraction of sequences option, representing 100% conservation among the 
input proteins. Boxshade was run and the output was saved for each LIG. Each boxshade 
alignment was subjected to visual analysis to identify motifs. Motifs were defined as being at 
least 4 consecutive conserved amino acids, motifs were considered distinct if there were several 
nonconserved amino amino acids between them. The motifs were highlighted in yellow in the 
consensus line and labeled for each LIG. 
Creation of graphic for motifs with weblogo 
The AMIGO and NGL motifs were entered into the Weblogo3 software 
(http://weblogo.threeplusone.com/create.cgi). PDF output was selected, protein for sequence 
type, and error bars were unselected. Custom color scheme was selected and the symbols and 
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colors for the standard Chemistry amino acid classification scheme (Figure 6) was used for 
graphical representation were entered.   
 
 
Polar G,S,T,Y,C green 
Neutral Q,N purple 
Basic K,R,H blue 
Acidic D,E red 
Hydrophobic A,V,L,I,P,W,F,M black 
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RESULTS 
	  
 To gain better insight to the mechanism by which LIG family members transduce 
extracellular cues into cellular responses, analyses of the intracellular domains of two LIG 
subfamilies, AMIGO and NGL, were performed to identify potential SLiMs.  In order to identify 
any such motifs, a phylogenetic approach was undertaken and is outlined in a flow chart below 
(Figure 7).  The overall approach relied on the notion that functionally important sequences are 




Figure 7. Steps in Identification of Motifs 
Identification of members of LIG family in jawed vertebrates 
 In order to find orthologs for specific human LIGs, the full amino acid sequences of all 
LIGs was obtained (Materials and Methods and D. Anina, personal communication). The 
remainder of the analyses focused on the AMIGO and NGL subfamilies, both of which contain 
Graphic	  representation	  of	  putative	  SLiMs	  -­‐	  WebLogo	  	  
Phylogenetic	  conservation	  of	  intracellular	  domains	  -­‐	  Clustal	  	  
DeYining	  intracellular	  domains	  -­‐	  CCTOP	  	  
IdentiYication	  of	  AMIGO	  &	  NGL	  families	  in	  vertebrates	  -­‐	  BLAST	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three members in the human genome. The human AMIGO 1, 2, and 3 sequences can be seen in 
appendices A, B, and C, respectively. The human NGL 1, 2, and 3 sequences can be seen in 
appendices D, E, and F, respectively. The full amino acids sequences for the rest of the human 
LIGs identified can be found in appendix G. 
 In order to find orthologs of phylogenetic utility to the human LIG’s, species that were 
evolutionarily distinct enough to allow time for sequence selection and divergence needed to be 
selected. However, if the species that were too distant with respect to evolutionary time were 
chosen, this might prevent the accurate identification of a given set of orthologs for a specific 
LIG. To prevent this, a sequential approach was taken, initially orthologs for the human 
AMIGOs and NGLs were screened for in two bony vertebrates representing a close relative - the 
mouse genome (~75Myr), and a more distant relative - the chicken genome (~310Myr), followed 
by a significantly more distant vertebrate relative from the cartilaginous fishes – the elephant 
shark genome (~450Myr)  (Waterston et al., 2002; ICGSC, 2004;  Venkatesh et al., 2014). 
Figure 8 below shows a phylogeny of this vertebrate lineage, where sharks are represented by 
elephant shark in the figure, reptiles by chicken, and mammals by humans and mice. 
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Figure 8. Phylogeny of Vertebrate Lineage (Adapted from Smith et al. 2015) 
 In Figure 8, sharks, reptiles, and mammals are represented on different branches of the 
phylogenetic tree, denoting evolutionary relationships. Thereby, looking for orthologs of human 
LIG’s in these lineages provides time for protein divergence, but less comparatively to lampreys 
and lancelets. Since the aim was to identify orthologs that had significant divergence relative to 
human LIG’s, the mouse genome is a less useful comparison because they are still within the 
mammalian lineage and exhibit minimal sequence divergence. However, taking a stepwise 
approach by identifying a close ortholog in mouse followed by sequentially more distant 
orthologs allowed for more confidence in ortholog predictions in the chicken and elephant shark 
genomes.  Looking at the chicken genome is a useful comparison within the reptile lineage as 
Gallus gallus was the first avian genome to be sequenced and has evolutionary distance to 
humans useful in determining functional elements (Schmutz et al. 2004). Finally, looking at the 
elephant shark genome is a useful comparison both due to its distance from humans and the fact 
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that C.milli has been found to have the slowest evolving genome of all vertebrates, making it a 
good model for understanding evolutionary change (Venkatesh et al. 2014).   
 Using the Blast protein database the human AMIGO and NGL protein sequences were 
used to find matches in the mouse, chicken, and elephant shark. These AMIGO 1, 2, and 3 
orthologs can be seen in appendices A, B, and C, respectively. The NGL 1, 2, and 3 orthologs 
can be seen in appendices D, E, and F, respectively.  Table 1 and 2 below summarize the 
AMIGO and NGL orthologs that were found across all four species. Interestingly, orthologs of 
Amigo 3, NGL 2, and NGL3 were not found in chicken, but were present in the more distantly 
related C. milli. 
	   Homo	  sapiens	   Mus	  musculus	   Gallus	  gallus	   Callorhinchus	  milli	  
AMIGO1	   +	   +	   +	   +	  
AMIGO2	   +	   +	   +	   +	  
AMIGO3	   +	   +	   -­‐	   +	  
Table 1. AMIGO Orthologs (+/- is presence/absence of protein) 
 
 
	   Homo	  sapiens	   Mus	  musculus	   Gallus	  gallus	   Callorhinchus	  milli	  
NGL1	   +	   +	   +	   +	  
NGL2	   +	   +	   -­‐	   +	  
NGL3	   +	   +	   -­‐	   +	  
Table 2. NGL Orthologs (+/- is presence/absence of protein) 
 
Identification of Intracellular Domains 
 In order to identify conserved intracellular motifs within the orthologs of the AMIGOs 
and NGLs, the intracellular regions of the proteins had to be defined next. Conservation of 
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intracellular sequences among the different orthologs can help in discovery of functional SLiMs. 
Using the CCTOP protein software the intracellular domains of the orthologs were defined. 
CCTOP is a program used to predict the location of the transmembrane region of proteins, 
thereby predicting the location of the extracellular and intracellular domains. There are many 
programs that use different algorithms of hydrophobicity, structural information, and ranking 
residues to predict these domains. While the programs have different algorithms, a 
transmembrane domain is generally an alpha-helical stretch of about 18 hydrophobic residues; 
CCTOP finds a consensus among those algorithms.  
 The AMIGO and NGL protein sequences were color-coded using the CCTOP output to 
distinguish the extracellular (green), transmembrane (blue), and intracellular (red) domains. The 
color-coded sequences of the AMIGO and NGL orthologs can be seen in appendices A-F. The 
CCTOP was run for all the human LIGs and the corresponding color-coded sequences are in 
appendix G. 
 Looking at the length of the intracellular domains is useful because the longer the 
intracellular domain, the more likely SLiMs will be found in those intracellular domains.  The 
lengths of the intracellular domains of the AMIGO and NGL orthologs were calculated and are 
summarized in Tables 3 and 4. Given a general length of ~100 residues for their intracellular 
domains and a typical length of ~3-10 residues for a SLiM, the AMIGOs and NGLs are likely to 
each contain a number of SLiMs. 
 
	   Homo	  sapiens	   Mus	  musculus	   Gallus	  gallus	   Callorhinchus	  milii	  
AMIGO1	   98	   99	   101	   95	  
AMIGO2	   102	   99	   101	   97	  
AMIGO3	   97	   101	   0	   97	  
Table 3. AMIGO IC Domain Lengths  
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   Homo	  sapiens	   Mus	  musculus	   Gallus	  gallus	   Callorhinchus	  milii	  
NGL1	   93	   93	   93	   91	  
NGL2	   106	   106	   0	   93	  
NGL3	   117	   114	   0	   94	  
Table 4. NGL IC Domain Lengths 
 
Identification of conserved Intracellular Sequences  
 With the intracellular regions defined, orthologs for a given set AMIGO or NGL proteins 
were aligned using the Clustal Omega alignment software to reveal conserved sequences that 
represent putative SLiMs. The Clustal alignments for the AMIGO and NGL intracellular 
domains can be seen in appendices H and I, respectively. After performing Clustal alignments, 
Boxshade was used to shade identical amino acids found in all four species black and similar 
amino acids grey. From the Boxshade outputs, putative motifs in each set of AMIGO and NGL 
orthologs were determined based on stretches of conserved amino acids between the four 
species. These were then compared between subfamily members to identify motifs conserved 
within the subfamily as well. The boxshade outputs and identified motifs for each set of AMIGO 
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Figure 9. AMIGO1 Conservation and Motifs 
 
Figure 10. AMIGO2 Conservation and Motifs 
 
Figure 11. AMIGO3 Conservation and Motifs 
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Figure 12. NGL1 Conservation and Motifs 
 
Figure 13. NGL2 Conservation and Motifs 
 
Figure 14. NGL3 Conservation and Motifs 
 
This resulted in the identification of six distinct motifs in the AMIGO subfamily and six distinct 
motifs within the NGL subfamily as well. Tables 5 and 6 below show which of the six motifs can 
be found in each of the AMIGO and NGL proteins, respectively. 
 
	   Motif	  1	   Motif	  2	   Motif	  3	   Motif	  4	   Motif	  5	   Motif	  6	  
AMIGO1	   +	   +	   +	   -­‐	   -­‐	   -­‐	  
AMIGO2	   +	   +	   +	   +	   -­‐	   -­‐	  
AMIGO3	   -­‐	   -­‐	   -­‐	   -­‐	   +	   +	  
Table 5. AMIGO Motifs (+/- is presence/absence of motif) 
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   Motif	  1	   Motif	  2	   Motif	  3	   Motif	  4	   Motif	  5	   Motif	  6	  
NGL1	   +	   +	   +	   -­‐	   -­‐	   -­‐	  
NGL2	   +	   -­‐	   +	   +	   -­‐	   -­‐	  
NGL3	   +	   -­‐	   +	   -­‐	   +	   +	  




Graphical Representation of Motif Conservation 
 To better characterize conservation within the motifs, WebLogo was used to represent the 
frequency and biochemical properties of each amino acid in the motifs. The software generates a 
graphical representation that shows the amino acids with various sizes depending on how many 
of the four species they are found in. The amino acids are also color coded based on functional 
properties (corresponding colors can be seen in Figure 6 from the Methods). The resulting 
outputs are shown for each motif of the AMIGO’s and NGL’s in Figures 15-26. 
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DISCUSSION	  
 To gain a better understanding of the role of LIGs in cellular signaling, identification of 
SLiMs in two LIG subfamilies, AMIGO and NGL, was undertaken. Using a phylogenetic 
approach the intracellular domains of the AMIGO and NGL protein orthologs for four 
evolutionary distinct species, Homo sapiens (human), Mus musculus (mouse), Gallus gallus 
(chicken), and Callorhinchus milii  (elephant shark), were compared. Based on conservation of 
amino acids within the intracellular domains between these species, motifs were determined for 
each LIG. A total of six different conserved motif sequences each were identified for the 
AMIGO and NGL proteins.	  All	  of	  the	  six	  motifs	  for	  each	  LIG	  display significant conservation 
across the four selected species. The identification of SLiMs and their degree of conservation 
strongly suggests that there is biological significance for these motifs.  
 However, contrary to the assumption that the species more closely related would likely 
have more conserved regions with each other, chickens, which are more closely related to 
humans than elephant shark, did not have orthologs to the human AMIGO 2, NGL 2, and NGL 3 
proteins, while the elephant shark did. This suggests the possible loss of functionality/necessity 
of these proteins for the chickens, while the proteins were still biologically relevant for the 
elephant shark.   
 Additionally the six motifs for each LIG were found and compared amongst the three 
proteins of each LIG subfamily (AMIGO 1, 2, and 3; NGL 1, 2, and 3). It was found that only 
AMIGOs 1 and 2 contained motifs 1, 2, and 3, suggesting that AMIGO 3 did not need these 
motifs for functionality. On another note, only AMIGO 2 contained motif 4 and only AMIGO 3 
contained motifs 5 and 6, suggesting that these motifs are functionally significant, specifically 
for those AMIGO proteins.  
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 Similarly for the NGL subfamily, only NGL 1 contained motif 2, only NGL 2 contained 
motif 4, and only NGL 3 contained motifs 5 and 6, suggesting their biological relevance to those 
proteins. The NGL motifs 1 and 3 were found in all three NGL proteins so they are conserved 
among NGLs and are not likely to serve a specific significance to just one NGL, but may 
represent a level of functional redundancy among the proteins. 
 The identification and characterization of a set of SLiMs in this study confirmed that 
there are significant areas of evolutionary conservation within the AMIGO and NGL LIG 
proteins’ intracellular domains. This conservation strongly supports a functional role for these 
motifs and provides insight into possible functional specificity and redundancy across family 
members. Guided by their identification, further analysis on each of the motifs will help in 
determining the essential role of these motifs in the functionality of each protein and its 
relevance to cellular communication.	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APPENDICES	  
Appendix A AMIGO 1 Orthologs 
Adhesion molecule with Ig-like domain 1 [Homo sapiens] 









amphoterin-induced protein 1 isoform a precursor [Mus musculus] 









Aamphoterin-induced protein 1-like [Gallus gallus] 
>gi|971451924|ref|XP_015130504.1| PREDICTED: LOW QUALITY PROTEIN: amphoterin-induced protein 1-like 










amphoterin-induced protein 1 [Callorhinchus milii] 











Appendix B AMIGO 2 Orthologs 
Adhesion molecule with Ig-like domain 2 [Homo sapiens] 










Amphoterin-induced protein 2 precursor [Mus musculus] 










Amphoterin-induced protein 2 precursor [Gallus gallus] 
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Amphoterin-induced protein 2 [Callorhinchus milii] 











Appendix C AMIGO 3 Orthologs 
Adhesion molecule with Ig-like domain 3 [Homo sapiens] 










Amphoterin-induced protein 3 precursor [Mus musculus] 
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Amphoterin-induced protein 3 [Callorhinchus milii] 











Appendix D NGL 1 Orthologs 
NGL1, LRRC4C protein [Homo sapiens] 












Leucine-rich repeat-containing protein 4C precursor [Mus musculus] 
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Leucine-rich repeat-containing protein 4C [Gallus gallus] 












Leucine-rich repeat-containing protein 4C [Callorhinchus milii] 












Appendix E NGL 2 Orthologs 
NGL2 Leucine rich repeat containing 4 [Homo sapiens] 
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Leucine-rich repeat-containing protein 4 precursor [Mus musculus] 












No gallus gallus NGL 2 
Leucine-rich repeat-containing protein 4 [Callorhinchus milii] 













Appendix F NGL 3 Orthologs 
NGL3 NP_001073926.1 [Homo sapiens] 












	   36	  
 
Leucine-rich repeat-containing protein 4B precursor [Mus musculus] 













No gallus gallus NGL 3 
Leucine-rich repeat-containing protein 4B-like [Callorhinchus milii] 














GPR124 protein [Homo sapiens] also called ADGRA2 
































GenBank: AAI46775.1 (splicing isoform??) 



















GPR125 protein [Homo sapiens] also called ADGRA3 






























ISLR/Meflin Immunoglobulin superfamily containing leucine-rich repeat [Homo sapiens] 










Linx Immunoglobulin superfamily containing leucine-rich repeat 2 [Homo sapiens] 













LINGO1 protein [Homo sapiens] 












LINGO2 protein [Homo sapiens] 













LINGO3 protein [Homo sapiens] 
Genbank: NP_001094861.1 
>gi|157426829|ref|NP_001094861.1| leucine-rich repeat and immunoglobulin-like domain-containing nogo 











LINGO4 Leucine rich repeat and Ig domain containing 4 [Homo sapiens] 
GenBank: AAI37221.1  (NP_001004432.1) 












SALM1 Leucine rich repeat and fibronectin type III domain containing 2 [Homo sapiens] 
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GenBank: AAI42617.1 (NP_065788) 














SALM2 Leucine rich repeat and fibronectin type III domain containing 1 [Homo sapiens] 
Genbank:Q9P244.2 
>gi|189028858|sp|Q9P244.2|LRFN1_HUMAN RecName: Full=Leucine-rich repeat and fibronectin type III domain-














SALM3 Leucine rich repeat and fibronectin type III domain containing 4 [Homo sapiens] 
GenBank: AAH15581.2 (NP_076941) 
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SALM4 Leucine rich repeat and fibronectin type III domain containing 3 [Homo sapiens] 
GenBank: AAH03578.1 (NP_078785.1) 











SALM5 Leucine rich repeat and fibronectin type III domain containing 5 [Homo sapiens] 
GenBank: AAH43165.1 (NP_689660.2) 













LRIG1 protein [Homo sapiens] 
GenBank: AAH71561.1 
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SDQEHSPHHQCSRTAAGSCPECQGSLYPSNHDRMLTAVKKKPMASLDGKGDSSWTLARLYHPDSTELQPASSLTSGS
PERAEAQYLLVSNGHLPKACDASPESTPLTGQLPGKQRVPLLLAPKS 
LRIG2 Leucine-rich repeats and immunoglobulin-like domains 2 [Homo sapiens] 
GenBank: AAI17371.1 (NP_055628) 



















Leucine-rich repeats and immunoglobulin-like domains 3 [Homo sapiens] 
GenBank: AAI26170.1 (NP_700356) 



















APPENDIX H AMIGO Clustal Alignments  
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YKLRKRHQQRSTVTAARTVEIIQVDEDIPAAAPAAATAAPSGVSGEGAVVLPTIHDHINY 
NTYKPAHGAHWTENSLGNSLHPTVTTISEPYIIQTHTKDKVQETQI  
>CmNGL2  
YKLRKRHQQRSTVAAARTIEIINVEEEMAGG----------GPGEGGGGSVPSVHDHMNY NTYKPAHRAHWTDNSLGNSLHT--
-TIPEPFIIQTHNKDKVQETQI 
	  
NGL3	  
>CmNGL3  
-KLRKQHQLHKHHGQARTIEIINVEEDLGE----------------PTTGDNCLALPAVE 
HGPLNHY----TAYKAHYNNNTSALNCTK--NPLHNSVHEPLLFKSSSKENVQETQI  
>HsNGL3  
YKLRKQHQLHKHHGPTRTVEIINVEDELPAASAVSVAAAAAVASGGGVGGDSHLALPALE 
RDHLNHHHYVAAAFKAHYSSNPSGGGCGGKGPPGLNSIHEPLLFKSGSKENVQETQI  
>MmNGL3  
-KLRKQHQLHKHHGPTRTVEIINVEDELPAASAVSVAAAAAVAGGAGVGGDSHLALPALE RDHLNHHHYVAAAFKAHYGGNP-
GGGCGAKG-PGLNSIHEPLLFKSGSKENVQETQI 
	  
 
 
 
 
 
 
 
	  
